The simultaneous two-photon excitation energy transfer (SEET) was demonstrated for the first time using trichromophoric model compounds. Two identical donors (Aantenna) were covalently linked to an energy acceptor unit (T-target) with different energy levels preventing energy transfer of a single photon. At high intensity illumination (laser exposure) of a trichromophoric system AN TA (A-fluorescein, erythrosin; T-Estilbene), sufficient to excite both of the appended donor subunits, population of the target excited state may occur via simultaneous energy transfer of two photons, one from each donor. In order to restrict reverse energy transfer from the higher energy target to the lower energy donor(s) it is necessary that the excited target unit undergoes an efficient photoreaction. In the investigated case this was achieved by photoisomerization of the stilbene unit used for monitoring of the SEET.
INTRODUCTION
The phenomenon of radiationless electronic excitation energy transfer EET process can be the result of long range Coulombic (dipol-dipol, F6rster mechanism) and short range electron-exchange interaction. According to F6rster [3] , the rate coefficient for Coulomb excitation energy transfer kEET(C) is described by 9000 (InlO)2 o kEET(C)-128 7r 5 n 4 NA v 7-,o r 6 J, (1) where n2 is the orientation factor [2] , ,0 is the donor fluorescence quantum yield in the absence of the acceptor, n is the refractive index, NAy is Avogadro's number, r is the distance between donor and acceptor and J is the overlap integral defined by
According to Dexter [4] , the rate coefficient for electron-exchange excitation energy transfer kEET(E) depends on the overlap of the emission spectrum and the absorption spectrum of A, too, kEET(E) 
where the parameter Z is obviously related to the electronic matrix element for electron-exchange energy transfer (Z 2 exp(-2r/l), is the van der Waals radius of the donor-acceptor pair).
The simultaneous two-photon excitation energy transfer (SEET) from two excited energy donors A* (A-antenna unit) to one energy acceptor (T-target unit) (4) is still unknown. In this paper we discuss the concept of SEET and investigate the deactivation behavior of the covalently linked AN TA system 1 and 3 containing fluorescein or erythrosin (antenna unit) and E-stilbene (target unit) (Tab. I). The SEET enables a deep UV photochemistry at high intensity long wavelength excitation. 
To prove the concept of SEET the corresponding dichromophoric systems ANT 2 and 4 (Tab. I) were also investigated.
EXPERIMENTAL Materials and Preparations
All preparations were carried out under yellow light. The absolute fluorescence quantum yields qPf were determined at 298 K according to the relative method [6] using fluorescein as a standard (tp/=0.90 [7] ). The determination of the fluorescence decay times is described [8] . M. NICKOLEIT et al. 
RESULTS

Spectroscopic Properties
The absorption spectra of the investigated compounds 1-4 (Tab. I) are the superposition of the corresponding chromophors (Fig. 4b) . The partial spectra of the stilbene and the fluorescein (Fig. 4a) 2. The overlap of the absorption of the antenna chromophor and the fluorescence of the target chromophor (Fig. 4b) is very weak and, therefore, the resonance integral J will be very small (eq. 2). Regardless whether the F6rster (eq. 1) or the Dexter (eq. 3) mechanism are considered the rate constant of an excitation energy transfer T*A is very low.
3. Conjugative interaction between the 7r-systems of A and T is not transmitted through the thiourea group. 4 . The rate constant of the E, Z-isomerization is very high, the spectroscopic properties of E-and Z-isomer differ [10] . The isomers can be separated using chromatographic methods [11] .
Deactivation Behavior at Low Intensity Excitation
At excitation of 1 using Aec 488 nm (local excitation of the antenna unit) only the fluorescence of a fluorescein derivative is observed (Fig.   4b ). The fluorescence quantum yield is }88 (1) FIGURE 5 Irradiation spectra of 1, target excitation at "exc--333 nm.
chromophores undergo the excitation energy transfer and only 10 % deactivate via the target specific fluorescence and chemically by photoisomerization. The results of the analysis of the photolyzed solutions using HPLC are shown in Figure 7a . The composition of the photostationary state described by the Zimmerman equation [7] is about 66 % Z-isomer and 34 % E-isomer. The compounds 2, 3 and 4 show a very similar deactivation behavior on excitation at Aexc 333 nm. In all cases the corresponding dual fluorescence and the isomerization are observed. The fluorescence of the antenna chromophor (fluorescein, erythrosin) is the dominating process.
Deactivation Behavior at High Intensity Excitation
The photolysis of I using the Ar + laser (488 nm, 1.6 W/spot 14.9 W cm-2) is shown in Figure 6 . Beside the very strong fluorescence of the antenna unit the photoisomerization E-IZ-1 goes on. The results of the HPLC analysis of the irradiated solutions are presented in Figure 7b . The composition of the photostationary state at laser photolysis (45 % E-isomer, 55 % Z-isomer) differs from that of lamp photolysis (target excitation, Fig. 7a ).
At photolysis of 3 (/exc--500 nm, dye laser, or )kexc---514 nm, Ar + laser) the same non-linear behavior of the photoisomerization is observed, but in this case the ATA system is not stable to reach the photostationary state (photobleaching). The laser irradiation of the reference compounds 2 and 4 using the same condition demonstrated in Figure 6 does not effect in a photoisomerization. The laserchemical photoisomerization of 1 and 3 by antenna excitation is absolutely dependent on the existence of two antenna units.
DISCUSSION
The scheme illustrates the deactivation processes of the AT*A system populated by monophotonic local excitation of the target (stilbene) unit. The unimolecular processes fluorescence, isomerization and EET compete. The photoisomerization of 1 and 3 at high intensity antenna excitation is explained by the model of the simultaneous two-photon excitation energy transfer (SEET) shown in scheme 2. The population of the twofold mono-excited state occurs consecutively. For a simultaneous two-photon absorption the used laser intensity is too low. The twofold mono-excited system A*TA* deactivates partly by SEET and populate AT*A. The formation of A T*A on this way requires two antenna units, the comparable experiments using 2 and 4 failed, which excludes any mechanism considering a possible two-photon excitation of one chromophor (A or T). The main deactivation process of AT*A is the common EET forming ATA* ("back transfer") followed by the antenna fluorescence.
At the laser irradiation experiment shown in Figure 6 . 
